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WASHINGTON
UNIVERSITY We Don’t Know!

WASHINGTON, DC

« “Alittle-known toxic chemical with a tongue-twisting
name....” “There are so many gaps on toxicity ... no one

can say with acceptable certainty what a safe level is," says
Daniel Horowitz, managing director of the U.S. Chemical

Safety Board, which is investigating the leak.” USA Today
Chemical Spill Exposes Huge Gaps in Oversight: Our View

« Only U.S. Chemical Safety Board Chairman Rafael Moure-
Eraso seemed to really want to try to wade into those
issues. "It would be hard to say if it's safe," Moure-Eraso
said. "In order to give a scientific answer, you have to have
scientific information.” Charleston Gazette Hearing provides
few answers on water safety.
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WASHINGTON

UNIVERSITY My Cowardly Week

WASHINGTON, DC

* Not returning phone calls from reporters

« Ducking the School of Public Health Communications
Director

* Not helping with public understanding of a toxicology
and risk issue
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UNIVERSITY What is the Result?

WASHINGTON, DC

« Loss of confidence in regulatory system
« Loss of confidence in the chemical industry
« (Calls for extreme measures in response

e Lawsuits
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WASHINGTON |
UNIVERSITY In Reality, We Know a Lot!

WASHINGTON, DC

4-Methylcyclohexanemethanol
H20H
CAS 34885-03-5 H.e/I Hy
H Ha
Rat oral LD, of 825 mg/kg
Hg

Rat dermal LD, of > 2000 mg/kg
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UNIVERSITY
WASHINGTON. DC

« LDg, = 825 mg/kg/day

First, Acute Toxicity

« Would be in Global Harmonized System (GHS)
Category 4

Category 1

Category 2

Category 3

Category 4

Category 5

Pictogram

Signal word

Hazard
statement

<5 mg/kg

Danger

Fatal if swallowed

> 5 <50 mg/kg

Danger

Fatal if swallowed

250 <300 mg/kg

Danger

Toxic if swallowed

= 300 < 2000
mg/kg

Warning

Harmful if
swallowed

> 2000 < 5000
mg/kg

No symbol

Warning

May be
harmful if

swallowed
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UNIVERSITY  \Ahat About Chronic Effects?

WASHINGTON, DC

 What would we need to communicate and make
decisions appropriately?

« Non-cancer What would be an RfD?

» Carcinogenicity What would be a 10- Virtually Safe
Dose (VSD)?

« No chronic tests at this point
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UNIVERSITY Estimating an RfD

WASHINGTON, DC

« Numerous studies have investigated the relationship
between acute toxicity and non-cancer risk values

« All are approximate — some find stronger relationship
than others

Feogul Torleol Pharmacol 1987 Mar 7{1)86-112.

Deriving allowable daily intakes for systemic toxicants lacking chronic toxicity data.
Lavion DW, Mallon B), Rosenblatt DH, Small MJ.

Abstract

The lack of hurman toxicological data for most chemical compounds makes it difficult to quickly assess health rsks associated with exposure to
contaminants at hazardous waste sites. It would therefore be advantageous to have a technigue for estimating acceptable daily intakes (ADIs) of
potentially toxic substances based on more widely available animal toxicity data. This article focuses on the use of LDSD data to derve provisional
ADls, and it suggests multiplying oral LD50 values (expressed in mg'kg of body wi) by a factor in the range of 5 X 10{-B) to 1 X 10(-5} day-1 to
convert them to such ADis. It is emphasized that these interim ADI values are no substitute for toxicity testing, but that such testing would most
likely result in higher ADI estimates.

FRAIDe 3576800 Publed - indewed Tor MEDLINE]
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JNIVERSITY Estimating an RfD

WASHINGTON, DC

« These relationships use very well tested chemicals

« Type of toxicity doesn’t matter — RfDs usually set on
most sensitive species/strain/sex/endpoint

« Can also reflect uncertainty due to range of ratios of
LD, (or similar) to RfD
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WASHINGTON, DC

What About Cancer Risk?

« We know that 50% of all chemicals tested in long-
term rodent bioassays are judged to be carcinogenic

« Some believe knowledge of mutagenicity may help
judge carcinogenic potential

Prow. Mol Acod. Sct, US4
Vol. B7, pp. 77727116, Oetober 1990
Medical Bciences

Chemical carcinogenesis: Too many rodent carcinogens*
Seummr promotion /mutageneds milvgemeds S aolmsl canser Wsish

Bruce N. Asmes™ ano Lo Swirsky Govptd
Biclogy, Barker Hal, Univers of Califoenis, A 94720; and Well and Molesulsr Bickogy Division,
LA

Wiivision of B and 3
i

Conributed by Brace K. Ames, July 19, 1950

ABSTRACT  The administration of chemicals at the max-
Imum tolerated dose (MTD) In standard andmal concer tests bs
postdated to increase cell division (mitogenesis), which in turn
incresses rates of mutagenesiy and thus oircinogenesis, The
andvnn] dota are conslstent with this mecharndsm, becanse o bigh
proportisnabout halbof all chemicals tested (whether nat-
ural or synthetic) sre indeed rodent carcinogens. We conclude
that at ithe Jow duses of most human exposures, where cell
kitting dipes not ocour, the bazards to homans of vodent
carcinogens may be much lower than is commonty ussumed.

Ingurrent strategies to prevent human cancer, chronic rodent

carcinogenic effects at Tow levels, This ides evolved because
it was expected that () only & ssall proportion of chemicals
would have carcinogenic potential, () testing bt & high dose
would not produce & carcinogenic effect unique to the high
dose, and (i chemieal carcinogenesis would be explained by
the mutagenic potential of chemicals. However, i scems time
i take account of new information suggesting that all duee
assumptions are Wrong.

Carcinogens Ave Comimon in Rodent Tests

More than half of the chemicals tested to dute in both rats and
mice have been found to be carcinogens in chronic rodent
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UNIVERSITY MCHM Mutagenicity

WASHINGTON, DC

Mutagenicity result N/A Mutagenicity Negative

_ Individual Predictions

FDA
Nearest neighbor

Source: EPA Toxicity Estimation Software Tool (1
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esamaTon Calculating Regulatory

WASHINGTON, DC RiSk Values

Risk Anysis, Vel 18, No, 3 2091

Bick Anulyiis, Vol 24, Mo, 6, 2004

Estimation of Maximum Tolerated Dose for Long-Term
Bioassays from Acute Lethal Dose and Structure by QSA

Tiered Chemical Testing: A Value of Information Approach

Fumsie Yokota,! George Gray,” Jumes K. Hammitt,” and Kimberly M. Thompson®™

Vijay K. Gombar,' Kurt Enslein,® Jeffrey B. Hart,* Benjamin W. Blake,’ and
Harold H. Borgstedt®

Boceived Muy 1T, 1995 veviipd Septoraber 10, 1900

BECGULATORY TORICOLOGY AND FRARNMACDLOGY 28, 222206 [1908)
awricLE wo. RT981258

Regulatory Cancer Risk Assessment Based on a Quick Estimate
of a Benchmark Dose Derived from the Maximum Tolerated Dose’

David W. Gaylor* and Lois Swirsky Gold?

*Watlonal Center for Tovicological Research, 115, Food and Drug Admindstration, Jetferson, Arkansas TEOTH; ard
tawrence Berkeloy Nattonal Laboratory and Untversity of Caltfornia at Berkeley, Berkeley, Caltfornta 84720

Revelved Febpuary 9, 1008
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UNIVERSITY LD5O to MTD*

WASHINGTON, DC

« Ratio of MTD/LD ¢, (K) is lognormally distributed
® “an - '23
* sigma, =14

+ MCHM LDy, = 825 mg/kg/day

« Central estimate of MTD is 220 mg/kg/day

* From Gombar et al. via Yokota et al.

Freedom_0008184_0014



WASHINGTON

UNIVERSITY MTD to RfD*

WASHINGTON, DC

- MTD to Benchmark Dose (BMDL ,,)
- BMDL,, = MTD/7
« MCHM = 220/7 =31 mg/kg/day

. BMDL10 to RfD
+ RfD = BMDL ,,/UF
. MCHM = 31/1000% = 0.031 mg/kg/day

*From Gaylor and Gold
#Gaylor and Gold suggest UF of 1000 assuming BMDL ,, is equivalent to a LOAEL
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THE GEORGE

WASHINGTON
UNIVERSITY . BMDL1O tO
WASHINGTON, DC Virtually Safe Dose

« (Gaylor and Gold give relationship between BMDL ,, and
doses at specific risk levels

« Risk <10¢  MTD/700,000
- Risk <10~  MTD/70,000
- Risk <104  MTD/7,000

. MCHM 10-6VSD 220/700,000 = 0.00004 mg/kg/day

*From Gaylor and Gold
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THE GEORGE
WASHINGTON _
UNIVERSITY Now | Have Risk Values

WASHINGTON, DC

« Non-cancer:
RfD = 0.031 mg/kg/day (31 ug/kg/day)
« Cancer (if it Is a carcinogen)

10-°VSD =0.00004 mg/kg/day (0.04 ug/kg/day)
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WASHINGTON
UNIVERSITY What About Exposure?

WASHINGTON, DC

« Assume exposure through drinking water

« Remember difference between oral and dermal
LD, — not well absorbed

« Can adjust for other sources if necessary

« Make standard assumptions of 2L/day of water
consumption and 70 kg body weight

« Remember chronic risk values should be compared

to average lifetime daily dose — not single day
exposure — so time matters
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WA@HIMTM :
e Intakes at Different Levels of

AeHNeTON, DC Water Contamination

PPM (ug/L) Intake (L) Body Weight (kg) Dose (upg/kg/day)
0.1 2 70 0.003
1 2 70 0.029
< VSD =0.04

2 2 70 0.057

3 2 70 0.086

4 2 70 0.114

5 2 70 0.143
10 2 70 0.286
100 2 70 2.857
1000 2 70 28.571

< RfD = 31
10000 2 70 285.71
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WASHINGTON

UNIVERSITY What | Should Have Said

WASHINGTON, DC

« We have some information on methylcyclohexanemethanol
to help understand if it is an immediate danger

 Its acute toxicity is low — less toxic than caffeine or aspirin

 International standards would put it in Category 4 (out of 5)
in the Globally Harmonized System for acute toxicity with a

signal word of “Warning” rather than the “Danger” in higher
categories

|t is difficult to imagine water levels could possible get high
enough to pose a threat of acute toxicity
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WASHINGTON

UNIVERSITY What | Should Have Said

WASHINGTON, DC

« We do not have long term toxicity data on MCHM
specifically but, based on many years of experience with

many other chemicals, we can estimate a risk value similar
to that EPA would calculate if data were available

« The best estimate of that risk value is 31 pg/kg/day

« That means that as long as MCHM concentrations are
below about 1000 ppm drinking the water — even every
day for a lifetime — should not cause adverse effects
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WASHINGTON

UNIVERSITY What | Should Have Said

WASHINGTON, DC

« We don’t know if MCHM has the potential to be a
carcinogen in standard tests — but 50% of all
chemicals tested are positive

« Comparing MCHM'’s chemical structure to well tested
chemicals suggests it would not interact with DNA to
cause mutations — a property that would lead
scientists to be more concerned about cancer
potential
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WASHINGTON

UNIVERSITY What | Should Have Said

WASHINGTON, DC

« Based on many years of experience with many other
chemicals, we can estimate a risk value similar to that
EPA would calculate if MCHM did give a positive
result in a carcinogenicity test

« The level that would lead to what is generally
considered a negligible risk is 0.04 pg/kg/day

e This means that drinking water with less than 1 ppm
of MCHM, even every day for a lifetime, would not
pose a significant cancer risk — and remember, that is
assuming the chemical has carcinogenic potential
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UNIVERSITY - Who Would Have Objected?

WASHINGTON, DC

Toxicologists — you don’t have chemical specific toxicity
information!

- Environmentalists — haven't tested every endpoint and
lifestage!

« Industry — how can you say it might be a carcinogen

without complete data set (and what about WOE and
MOA)!

- Lawyers!
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UNIVERSITY We Can’t Go On Like This

WASHINGTON, DC

« Testing is expensive and slow IRIS Reviews Completed
120
100
 Assessment is slow and 0
contentious 60
40
20

 Inhibit technological advances

1985 1900 1995 2000 2005 2010 2015

« Loss of public confidence

http://cfpub.epa.govincealiris/index.cfm?fuseaction =iris.showSubstancelist&list_type =date&view =all
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THE GEORGE
WASHINGTON

UNIVERSITY What About Tox217?

WASHINGTON, DC

Standard rodent Alternative Biochemical- and cell-based

Human experience toxicological tests animal models in vitro assays

® C a n 7t y et tu rn int O ri S k V al u e S 1-3 studies/year 10-1{)Diear 1o§-m,<miyaar — ‘%1{3,%0;@:
to compare to exposure

« Always another assay to do —
when do we know enough to
say something?

« Could help define “below x
should not be a problem” if we
can agree on which outcomes
In which assays matter

Source:

. (2008) Toxicology. Transforming Environmental Health Protection. Science 319:906-7

Freedom_0008184_0026



THE GE
WASHINGTON
UNIVERSITY

WASHINGTON, DC

« Remember our goal is making
appropriate chemical use decisions

+ Risk-based decisions require
uantitative risk values

« In many cases we have significan

oxicologic information (more than
MCHM) but no risk numbers

« Need way to develop “rough and
ready” risk values

What to

Do?

OMMENT

‘hi 2

Tie Victogian,

abour

I coid fusion

Rethink chemical
risk assessments

The US Environmmental Protection Agency needs to
speed up its risk analyses and address uncertainty, say
George M., Gray and Joshua T, Cohen.

Last yesr, for instance, the U5 National

o the NAS fos reviny (see gonsture.com/
skeqys), Bt the problems go déepee than
the IRIS process,

“Tovs rnain challenges render the EPAs sk
assossnents nadequato for decision-making,
Birat, they take years or even decades s
conclade, mesning that many chemicals
have never been exarvined. Second, their
scientific ceedibilfy s often challenged. Poer
reviewers have questioned the EPAS selec-
thve use of data and some assamptions it has
‘made to plog gaps in the scietific evidence,

¥ commendod tha th B4
better justify and quantify its risk-astess
ment asmumptions.

A sxtentists who bie served at the BPA
. ars participatid in NAS reviews
{J7C), we believe that more is aseded.
“Fhe agency nseds to fandameradly alfer it
appioach to ridk evalustion. First, i should
offer faster sumenaries for more chericals,
Rogh-and-ready estimates are offen sufi
ciers for peticy-makdng, snd are bester than
nothing. RIS should include information
frum private groupsand other governments,
and apply svailable techniqass o calculating
therisks of chemicals for which there are litle
data, Secand, the EPA neerls o acknowiedge
it i risk etionates are wscettain by Fepart-
i ramge of plaasivle velues, it st those
that support it selence-pulicy goals,

BOGTED 1§ THE PAST
Attisades ovards anvirommental regatation
vy chasged since theagency was frandedin
1976, Less than a decade after Rache! Carson
expased e emvizonmental dumage caused
byt pesticile DT tn et 1952 book Silent
Spring, Americans wnting “fresdem from
sk embraced gevermment protection
The £ smecessfully adsiressed health
thcats pased by high-profile poliutants. A
banor leadet peirol speachended by the EPA
s 1974 helped (o reducy she evel of e in
ehitdests blood by neasly an order of tag
witide i the decades that foliowed, Cther
agency regolations introduced in the ey
1870 ot by sl the bevels of ais poliutants

&

e US Environmental Protection
Agency [EPA) is under fire. ¥y flag.
ship Integrased Risk Information

EPs inpdequate assessment of the health

such
By the mid- 1990, the sosi glasing envi
» i .
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WASHIN T
UNIVERSITY Path Forward

WASHINGTON, DC

« Develop repositories of points of departure (PODs) -
toxicologic values like BMDL ,, - for many chemicals

- Based on data when available
- Based on empirical relationships when not
« Reflect uncertainty depending on amount of data

« These PODs can serve as starting point for risk-
based decisions

« Calculate RfD or VSD like values as with MCHM
« Use Margin of Exposure approach?
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WA@HIMTM -
ONIVERE Ty The Margin of Exposure

WASHINGTON, DC (MOE)

RfV = MOE
Exposure

« Reference Value (RfV) is a point of departure (POD) from
toxicologic or epidemiologic data

 No Observed Adverse Effect Level
« Benchmark Dose (or bound)

« Exposure can be measured or modeled - reflect variability

« More transparent than RfD like approaches — currently
used in Canada, Europe, Australia and EPA OPP
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wasHINGTON Challenges to Developing “Rough
UNIVERSITY ==
ANeTON e and Ready” Risk Values

« Need more research on empirical relationships to
develop PODs for data-sparse chemicals

- Relationships may be biased by the aggressive
Interpretation of data in existing risk values

« How to quantitatively reflect the uncertainty due to
different amounts of toxicity testing
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Jasemeror Challenges to Using "Rough

WASHINGTON, DC and Ready” Risk Values

- Estimating exposures

« (Getting comfortable using less than complete information
to make decisions — although we do it in other settings

« Communicating the uncertainty we know exists

« An environment that is not good at updating decisions with
new information

| am sure you can think of many others
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WASHINGTON Getting to R&R Risk

UNIVERSITY
ASHINGTON, DO Assessment

« Focus on quantitative — just prevent adverse effects

« Endpoints don’t predict anyway
« Tox 217

« Borrow knowledge from well studied chemicals —
refine empirical relationships and QSARS and find
new approaches

- Learn to live with uncertainty — better being able to
make risk-based decisions about more chemicals
rather than fewer — value of information guides new
testing
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THE GEORGE
UNIVERSITY Summary

WASHINGTON, DC

« We have to remember that risk assessments are not pursuits
of scientific “truth” — they are tools to help inform decisions

« We can make quantitative statements about the potential risk
of chemicals (with varying degrees of uncertainty) with
widely ranging amounts of data

« Saying “we don’t know” is both scientifically unsupportable
and damages confidence in both government and industry

« Let’s reinvigorate chemical risk management by developing
and sharing more risk information!
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UNIVERSITY

WASHINGTON, DC

Thank Yout
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